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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new gene having a 
specific base sequence, comprising a DNA having promoter activity, 
controlling anther dehiscence and pollen maturity, and e.g. useful for 
raising male sterility plants for producing F1 hybrid variety seeds. 
SOLUTION: This gene is a new DNA expressed by a base sequence of 
the formula or a new DNA expressed e.g. by a base sequence where at 
least one base deletion, substitution or addition has occurred in a base 
sequence of the formula, having promoter activity and obtained by the 
site-specific mutagenesis of the DNA expressed by a base sequence of 
the formula. The gene controls anther dehiscence and pollen maturity, 
and is used for producing male sterility plants useful for producing F1 
hybrid seeds, the fertility restoring of male sterility plants or the like. 
The DNA is obtained by isolation from a cDNA library of WS-ecotype 
Arabidopsis thaliana (L.) Heynh. 
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Japanese Unexamined Patent Publication 
No. 300273/2000 (Tokukai 2000-300273) 

A. Relevance of the Above-identified Document 

The following is a partial English translation of exemplary 
portions of non-English language information that may be 
relevant to the issue of patentability of the claims of the present 
application. 

B. Translation of the Relevant Passages of the Document 

See also the attached English Abstract. 
[TECHNICAL FIELD] 

The present invention relates to DAD1 (DEFECTIVE IN 
ANTHER DEHISCENCE 1) gene, and plants in which expression 
of DAD1 gene is suppressed. The DAD1 gene is a gene that 
controls dehiscence of anther and maturation of pollen. By 
suppressing expression of the DAD1 gene, male sterile plants 
can be produced whose floral organ structure is almost identical 
to that of the wild type. The fertility of the male sterile plants 
can be recovered by treatment with jasmonic acid or linolenic 
acid, so that self-fertilizing seeds can be produced. Therefore, 
no maintenance line is required and first filial generation plants 
can be produced. 

[0006] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
An object of the present invention is to provide a nuclear 
gene that controls dehiscence of anther and pollen maturation. 
The invention also provides a technique whereby expression of 
the nuclear gene is suppressed to control male sterility and 
male fertility and thereby introduce male sterility for all 
individuals making up a maternal plant population. 
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[0007] 

[MEANS TO SOLVE THE PROBLEMS] 

The inventors of the present invention diligently worked to 
solve the foregoing problems, and successfully produced, using 
a T-DNA tagging method, mutants (dadl) of Arabidopsis 
thaliana in which no dehiscence of anther occurs even when the 
plant forms flowers. The pollens of these mutants had lost the 
germinating ability and were male sterile. Treating the buds of 
dadl mutants with jasmonic acid or linolenic acid caused the 
anther to dehisce in flowers that were formed after the 
treatment, with the result that self-fertilizing seeds were 
formed... Further, it was found that a plant with no anther 
dehiscence, like the dadl mutants, could be produced if 
antisense DAD1 gene, ligated backward to the promoter of 
DAD1, were incorporated in the genomic DNA of a plant. 
[0010] 

In the fourth invention, the present invention relates to 
male sterile plants in which expression of DNA according to the 
foregoing second invention is suppressed. In the fifth invention, 
the present invention relates to a method for producing male 
sterile plants in which expression of DNA according to the 
foregoing second invention is suppressed. In the sixth invention, 
the present invention relates to a method for recovering fertility 
by treating the male sterile plants of the foregoing fourth 
invention with jasmonic acid, linolenic acid, or derivatives of 
these acids. 

[EMBODIMENTS] 

[0016] 
(4) Fourth Invention 

According to the fourth invention, there is provided male 
sterile plant in which expression of DNA according to the 
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second invention is suppressed. The type of plant is not 

particularly limited as long as it includes the DNA according to 
the second invention. For example, the plant may be 
Brassicaceae, Poaceae, Asteraceae, or Chenpodiaceae. 
[0017] 

The male sterile plants have the following features. First, 
the plant has traits almost identical to those of the wild type, 
except that the anther does not dehisce... The male sterile 
plants of the present invention have floral organs almost 
identical to those of the wild type. This helps attract bees, horse 
flies, and other pollinating insects, with the result that seed 
production is increased. Another feature of the male sterile 
plants is that the fertility of the plants can be recovered by 
treatment with jasmonic acid, linolenic acid. With these 
features, the male sterile plants of the present invention can 
easily produce self- fertilizing seeds and provide a homozygous 
population for male sterile genes... 
[0018] 

(5) Fifth Invention 

According to the fifth invention, there is provided a 
method for suppressing expression of DNA according to the 
second invention. The method is not particularly limited. 
Preferable methods include, for example, the antisense method, 
cosuppression method, gene disruption tagging method, gene 
targeting method, and a method employing mutagens, as will be 
described later. 

[0019] 

i) Antisense Method 

In the antiscence method, the expression of DNA 
according to the second invention is suppressed by constructing 
a vector that includes a suitable promoter and DNA (antisense 
DNA) of the third invention placed downstream of the promoter, 
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and introducing the vector into a plant... 

[0022] 

ii) Cosuppression Method 

In this method, a vector is constructed in which a gene of 
interest is placed downstream of the DNA (promoter) of the first 
invention, and the vector is introduced into a plant. The 
expression of DNA according to the second invention is 
suppressed by the resulting cosuppression... 
[0023] 

iii) Gene Disruption Tagging Method 

In this method, the expression of DNA according to the 
second invention is suppressed by inserting T-DNA or 
transposon into the DNA of the second invention. A vector 
including T-DNA or transposon is introduced into a plant to 
prepare a group of mutant lines in which the T-DNA or 
transposon is randomly inserted into the genome. Then, 
genomic DNA is prepared from the plants of these mutant lines, 
and individuals with disrupted DAD1 gene are screened for by 
PCR. Alternatively, individuals with disrupted DAD1 can be 
selected by screening for mutants with no anther dehiscence, 
based on the phenotype of the mutated plants, or by treating 
the buds of the mutants with linolenic acid or jasmonic acid. 

[0025] 

iv) Gene Targeting Method 

In this method, the expression of DNA according to the 
second invention is suppressed by knocking out the DNA of the 
second invention. This is achieved by inserting DNA into part of 
the DNA of the second invention by homologous recombination. 
For example, this can be carried out according to the method 
described in Kempin et al., Nature 389: 802-803, 1997). 
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Specifically, kanamycin gene or the like is introduced into the 

DNA of the second invention to construct a targeting vector, and 
the vector is introduced into a plant to cause homologous 
recombination and knock out the DNA of the second invention... 
[0026] 

v) Method employing Mutagens 

In this method, the expression of DNA of the second 
invention is suppressed by treating a plant with mutagens and 
causing mutation in the DNA of the second invention. 
Specifically, plants of interest or their seeds are treated with 
mutagens, and individuals with disrupted DAD1 gene are 
screened for from M2 generation that was self-fertilized from the 
first generation (Ml) treated with mutagens. For example, after 
treating several thousand plant individuals with mutagens, 
self- fertilizing seeds are collected. For each individual of the Ml 
generation, several seeds are planted and mutants with no 
dehiscence of anther are screened for. Then, the buds of the 
selected mutants are treated with linolenic acid or jasmonic 
acid to screen for individuals with disrupted DAD1 gene. 
[0027] 

The mutagen is not particularly limited as long as it can 
increase the mutation rate. Some of the examples include x-rays, 
y-rays, ethyl methanesulfonate (EMS), and 

N-nitroso-N-methylurea (NMU)... 
[0028] 

(6) Sixth Invention 

According to the sixth invention, there is provided a 
fertility recovering method in which the male sterile plant of the 
fourth invention is treated with jasmonic acid, linolenic acid, or 
derivatives of these acids. 



[EXAMPLES] 
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[Example 5] Production of Male Sterile Plants (Method 
using Antisense DAD1 Gene) 

(1) Construction of a Vector with Antisense DAD1 Gene 

... The promoter region was amplified by PCR... The DAD1 
translation region was amplified by PCR. The amplified 
fragments were inserted into pBluescriptll SK- (Stratagene) to 
obtain antisense DAD1 gene, in which the DAD 1 translation 
region is ligated backward on the downstream side of the 
promoter region. 

[0040] 

The antisense DAD1 gene was then excised from the 
plasmid vector and inserted at Clal and SacI sites of binary 
vector pGAH to construct binary plasmid pADADl. 
[0041] 

(2) Transformation of Arabidopsis thaliana 

The binary plasmid pADADl was introduced into 
Agrobacterium tumefacience EHA101 strain, so as to transform 
Arabidopsis thaliana by vacuum infiltration... 
[0042] 

The transformed Arabidopsis thaliana did not show 
dehiscence of anther as in dadl (Figure 6, left-hand side), and 
no self-fertilizing seeds were formed. The unflowered buds of the 
transformants were soaked with an aqueous solution of 0.5 mM 
methyl jasmonate. The flowers that were formed after the 
treatment had dehiscence of anther, exposing pollens on the 
surface of the anther (Figure 6, right-hand side). When the 
pistils were pollinated with these pollens, self-fertilizing seeds 
were formed. It was therefore found that transformants with 
male sterility, similar to dadl mutants, could be produced by 
introducing the vector described in Example 5-(l). 
[0043] 
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[Example 6] Production of Male Sterile Plants (Method 
using Promoter-GUS Gene Introduced Vector) 

(1) Construction of Promoter-GUS Gene Introduced 
Vector) 

pGDADl-HS was excised with SplI, and the blunt ends 
were smoothed by klenow fragments. Then, the sequence was 
excised with Hindlll to isolate a DNA fragment of 3512 bp. The 
DNA fragment was then ligated between Hindlll and Smal of the 
binary vector pBI101.2 (Clontec) to construct plasmid 
pBIDAD-H (Figure 7), in which GUS reporter gene is ligated to 
the promoter of DAD1 gene. 
[0044] 

(2) Transformation of Arabidopsis thaliana 
pBIDADl-H was introduced into Agrobacterium 

tumefacience GV301 strain to transform Arabidopsis thaliana by 
vacuum infiltration , as in Example 5- (2). There were no 
phenotypic abnormalities in the majority of the transformed 
Arabidopsis thaliana... In some of the transformants, however, 
no dehiscence of anther occurred as in the dadl mutants. The 
ability to dehisce was recovered by jasmonic acid treatment. The 
staining ability by X-Gluc was weaker in these individuals. 

[EFFECTS OF THE INVENTION] 

The present invention provides a nuclear gene that 
controls dehiscence of anther in plants. The invention also 
provides male sterile plants in which expression of the nuclear 
gene is suppressed. The male sterile plants have floral organs 
almost identical to those of the wild type, can recover fertility by 
treatment with jasmonic acid or the like. The male sterile plants 
are therefore highly useful for the production of Fl seeds. 
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